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Introduction
With funding from the US Bureau of Reclamation, California – Great Basin Region (Region 10), the Cal
Poly Irrigation Training & Research Center (ITRC) performed testing on magnetic flow meters to examine
issues related to upstream chemical injection. Two sets of tests were completed:
• Meter Accuracy Testing – This testing determined the flow measurement accuracy of ten (10×)
meters. Previously, all the meters had been installed in irrigation pipelines immediately downstream
of chemical injection and showed significant fluctuations in flow measurement readings.
• Upstream Chemical Injection Testing – This testing quantified the variability of flow rate
measurements at various rates of upstream chemical injection.
The testing revealed that significant flow measurement fluctuations can occur when a chemical is being
injected into irrigation water upstream of a magnetic flow meter. This is believed to occur due to nonuniform and rapidly changing fluid properties in the liquid flowing through the meter. While small
injections at low to medium frequency resulted in minimal fluctuations, large, continuous injections
resulted in significant (≥50%) fluctuations. In fully mixed solutions of chemicals and irrigation water,
fluctuations were negligible.
The magnetic flow meters that were tested are described in Table 1. The layout, procedures, and results
of both tests are found in the body of this report.
Table 1. Test meter specifications
Specification
Manufacturer
Spool/sensor model

S/N Reference number(s)

Nominal spool diameter (inches)
Converter model
Converter serial number
Power supply

Flow Measurement
Accuracy Test Meters
Seametrics
AG2000
0007
0022
0862
0864
1097
1704
4210
4668
8928
9230
10
N/A
N/A
Battery

Fertilizer Injection Test
Meter
McCrometer
Ultra Mag UM06-06

UM20181070

6
880003051
E18-05159
110VAC single phase
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Background
Prior to 2019, it was common practice to inject chemicals (fertilizers and acids) into irrigation water
upstream of magnetic flow meters. ITRC has received reports from growers describing fluctuations in
measurements recorded by their magnetic flow meters that were significant (more than five times the
flow rate) and occurring over short durations of time. These meters were installed downstream of
chemical injection systems. Figure 1 shows monitoring data from one such installation and illustrates the
degree of flow measurement variability of the magnetic meter compared to the measured pressures in
the pipeline over the same time period. The grower reported that the fertilizer injection system was
operating between 07:00 and 08:45.
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Figure 1. Influence of fertilizer injection on magnetic meter measurements

Some chemical injection systems use magnetic flow meters to monitor the rate of chemical injection
with no reported problems. In these applications, the homogenous chemical mixture is flowing through
the meter (rather than partially mixed irrigation water and chemicals). These combined observations
appear to indicate that the magnetic flow meter fluctuations are not due to an issue with the chemicals
themselves, but the non-uniform and changing mixture of irrigation water and chemicals.
Warnings regarding chemical injection and sudden changes in fluid properties upstream of magnetic
flow meters are now included in manufacturers’ literature; however, this information is not yet common
knowledge to the end users. ITRC queried several major magnetic meter manufacturers about the
effects of injecting surges of chemicals upstream of these devices and received the following responses:
Recommend chemical injection occur downstream or with sufficient upstream distance [unspecified]
from the meter to allow proper mixing. Expect erratic meter behavior with rapid changes in
conductivity.
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There is not a magnetic meter on the planet that will work under those conditions. Any chemical
feed that in any way changes the conductivity of the liquid being measured will keep the meter from
accurately measuring flow. Fertilizer must be injected downstream of the meter or far enough
upstream that a homogeneous liquid results that is fully mixed. Perhaps a hundred diameters
upstream or more…
Meters are affected by surges in fertilizer.
Through discussions with manufacturers and anecdotal evidence, the following has been established:
1. Magnetic meters are used in irrigation water without issue.
2. Magnetic meters are used on chemical feed lines to monitor the rate of chemical injection without
issue.
3. Erratic readings have been noted when surges of chemicals are injected into the irrigation water. No
sufficient distance upstream has been noted.
4. Erratic readings have been noted when chemicals are injected continuously immediately upstream
of a magnetic flow meter.
5. Systems with continuous chemical injection located a significant distance upstream of a magnetic
flow meter have been noted to read flow rates without issue.
1. Only irrigation water
No problems noted
2. Fully mixed chemical
solution
No problems noted
3. Surges of chemicals
injected in irrigation water
Erratic readings
4. Continuous chemical
injection immediately
upstream
Erratic readings
5. Continuous chemical
injection fully mixed
upstream
No problems noted
Figure 2. Chemical/irrigation water configurations and observed effects on magnetic flow meter readings

To replicate the conditions found in the field and document the issue, various meters were tested at the
ITRC facilities at Cal Poly State University in San Luis Obispo under various conditions. The testing and
results are described in the following sections.
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Meter Accuracy Testing
During the fall of 2019, ITRC staff received ten (10×) 10-inch Seametrics AG2000 spool-type magnetic
flow meters from growers operating in several irrigation districts within California and conducted testing
to determine the flow measurement accuracy of the meters. These meters had all been installed
downstream of chemical injection systems and had been in operation for at least one irrigation season
before they reportedly failed. The reported failures were due to erratic readings similar to those shown
previously in Figure 1.

Figure 3. View of the 10-inch Seametrics AG2000 magnetic flow meter installed at the testing facility

The flow measurement accuracy testing was performed on each of the meters in a straight pipe
configuration across a range of typical water velocities (2 to 10 feet per second). Testing was performed
at the ITRC Water Resources Facility (WRF) using a Krohne Waterflux 3070 magnetic flow meter
(“Krohne”, “standard meter”) as the standard flow rate measurement device for all tests. The standard
meter was calibrated with the NIST 1-traceable ITRC gravimetric tank 2. Data regarding the standard
meter calibration can be found in the Results section of Attachment A.

Layout
The meter accuracy testing was conducted at the WRF. The testing setup was designed to simulate a
meter placed in a straight, unobstructed section of pipe. The configuration (see Figure 4) was as follows:
•
A vertical turbine pump controlled by a variable frequency drive (VFD) pulled water from the WRF
reservoir.
•
The VFD pump discharged into an 18-inch pipeline that supplied water to the 10-inch pipeline, along
which the test and standard meters were installed.
•
The test and standard meters were installed in a section of pipe with:
o More than 10 diameters of straight, unobstructed pipe upstream of the meters
o More than 4 diameters of straight, unobstructed pipe downstream of the meters
1
2

NIST = National Institute of Standards and Technology; the US’s national metrology institute (NMI).
The ITRC gravimetric tank has a NIST-traceable expanded uncertainty of 0.1% with a 95% confidence interval. For further
information, refer to ITRC Paper No. P 2020-001: Feist, K. and Z. Markow. 2020. Overview and Uncertainty Analysis for an
Irrigation Flow Measurement Facility. ITRC Paper No. P 20-001. http://www.itrc.org/papers/fmfacility.htm
Irrigation Training & Research Center
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•
•

Downstream of the meters, a butterfly valve was throttled to ensure full pipe conditions for each test.
The end of the pipeline discharged back into the WRF reservoir.
STANDARD
METER

TEST
METER

VFD
PUMP
>8’
>10D

>8’
>10D

VALVE

10” PIPELINE

>3’
>4D d/s

WRF RESERVOIR

WRF RESERVOIR

Figure 4. Schematic of meter accuracy test setup – conceptual, not to scale

Procedure
The meter accuracy testing process compared measured values from the test meter to adjusted values
from a calibrated standard meter. The meter accuracy testing was split up into two series: instantaneous
flow rate testing and totalizer volume testing. For the instantaneous flow rate testing, high, medium,
and low flow rates were tested with corresponding water velocities of approximately 10, 5, and 2 feet
per second (fps), respectively. The totalizer volume testing was only performed at the medium flow rate
(5 fps). The procedure for each testing series is described below.
Instantaneous Flow Rate Testing
1. VFD pump speed adjusted until the desired flow rate/velocity was achieved.
2. Flow rate from the pump stabilized. Periodic measurements were taken during this time period to
assess the flow rate.
3. Start of testing time period; measurement data shown on each meter’s (test and standard) remotemounted display was manually recorded.
4. The measurements were recorded simultaneously on 30-second intervals for a five-minute period.
5. Last measurements recorded at five-minutes; end of testing time period.
The following data processing procedure was used to calculate the average error and average absolute
error for each test meter/velocity:
1. Average flow rate from the standard meter for each test/velocity was calculated as the average of
the manually recorded measurements during the testing time period after the calibration
adjustment was applied.
2. Average flow rate from the test meters for each meter/velocity was calculated as the average of the
manually recorded measurements during testing time period.
3. Meter/velocity average error was calculated from the results calculated in Steps 1 and 2 using:
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =

𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
× 100%
𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

4. Test meter average error was calculated as the mean of the results for each velocity from Step 3.
5. Test meter average absolute error was calculated as the mean of the absolute values of the results
for each velocity from Step 3.
Irrigation Training & Research Center
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Totalizer Volume Testing
1. VFD pump speed adjusted until the desired flow rate/velocity was achieved (approximately 5 fps).
2. Flow rate from the pump stabilized. Periodic measurements were taken during this time period to
assess the flow rate.
3. Start of testing time period; totalizer volume for each meter recorded simultaneously.
4. The meters recorded the water volume passing through the pipeline over a five-minute period.
5. Final totalizer volume recorded from each meter; end of testing time period.
The following data processing procedure was used to calculate the average error and average absolute
error for each test meter:
1. Average flow rate 3 from each meter (test and standard) was calculated as the difference between
the initial and final totalizer volumes divided by the duration of the testing time period. The
calibration adjustment was applied to the calculated standard meter flow rate.
2. Test meter average error was calculated from the results calculated in Step 1 using:
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =

𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
× 100%
𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

3. Test meter average error calculated as the mean of the results for each velocity from Step 2.
4. Test meter average absolute error was calculated as the mean of the absolute values of the results
for each velocity from Step 2.

Results
Seven of the meters tested had satisfactory performance with average errors less than +/-2%. Meter
0007 was outside of this range with an average error of +6.9%. Two of the meters (0022 and 8928) were
confirmed to have failed. The adequate performance from most of the meters indicates that upstream
fertilizer and acid injection was likely causing the erratic behavior observed by the growers.
Full results from the testing are shown in Figure 5 and Table 2 on the following pages. All averages are
the mean of the data points. Flow measurement device calibration reports from all the tests are
included in Attachment B.

Average flow rate was calculated from each meter, rather than volume. These are functionally the same, but the
average flow rate allowed comparison between tests of potentially differing time periods.
3
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Figure 5. Average errors from ten 10-inch Seametrics AG2000 meters at various flow rates in unobstructed flow conditions 4

4

Nominal velocities: high - 10 fps; medium - 5 fps, low - 2 fps. All totalizer testing was done at approximately 5 fps.
Irrigation Training & Research Center
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Table 2. Meter accuracy testing results for ten 10-inch Seametrics AG2000 meters at various flow rates in unobstructed flow conditions
Fall 2019 Magnetic Flow Meter Testing Results

Meter Information
Location

Section

Manufacturer

Model

Meter Size
(in)

S/N Reference
Number

Test Date

N/A

N/A

Seametrics

AG2000

10

0007

10/17/2019

Home Land

19 SW

Seametrics

AG2000

10

0022

Test Results
Instantaneous Flow Rate

10/10/2019

Paso Robles

4 SE

Seametrics

AG2000

10

0862

10/14/2019

Home Land

14 SE

Seametrics

AG2000

10

0864

10/28/2019

Goldberg

25 SW

Seametrics

AG2000

10

1097

10/28/2019

Paso Robles

4 NW

Seametrics

AG2000

10

1704

10/21/2019

El Rico

1 SE

Seametrics

AG2000

10

4210

11/7/2019

El Rico

21 SW

Seametrics

AG2000

10

4668

11/8/2019

Home Land

15 NW

Seametrics

AG2000

10

8928

--

Goldberg

36 NW

Seametrics

AG2000

10

9230

10/24/2019

Flow Rate
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
Low

Error (%)
+3.3%
+5.4%
+12.0%
-49.8%
-49.9%
-49.3%
+0.3%
+0.3%
+1.5%
+1.1%
+0.9%
+0.6%
+1.7%
+1.9%
+1.7%
+2.4%
+1.7%
+1.6%
-0.0%
+0.0%
+0.4%
+1.8%
+2.5%
+1.6%
+0.8%
+1.1%
+1.3%
----0.8%
-0.8%
-2.1%

Totalizer

Comments

Average
Error (%)

Error (%)

+6.9%

+6.1%

High error

-49.7%

-49.3%

Highest error;
likely calibration
issue

+0.7%

+1.5%

Measurements
adjusted (x2)

+0.9%

+1.3%

Satisfactory

+1.8%

+1.9%

Satisfactory

+1.9%

+1.6%

Satisfactory

+0.1%

+0.1%

Satisfactory

+1.9%

+2.7%

Satisfactory

+1.1%

-0.3%

Satisfactory

--

--

Would not read
flow

-1.2%

-1.1%

Satisfactory

Irrigation Training & Research Center
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Upstream Fertilizer Injection Testing
Chemical injection testing was performed to determine the variability between measured flow rates
with and without intermittent and continuous upstream chemical injection. The testing was performed
at the ITRC Irrigation Practices Field (IPF) with a 6-inch McCrometer Ultra Mag magnetic flow meter.

Figure 6. View of the 6-inch McCrometer Ultra Mag magnetic flow meter installed at the testing facility

Layout
The testing was conducted at the ITRC Irrigation Practices Field (IPF). The testing setup was designed to
simulate a meter installed downstream of a fertilizer injection system. The configuration (see Figure 7
and Figure 8) was as follows:
1. Water from the WRF reservoir was gravity fed to a 25 hp booster pump, which discharged into a sixinch pipeline.
2. Downstream of the pump, was a port connecting the pH Tech fertilizer injection system to the
pipeline. The pH Tech system was equipped with a small magnetic flow meter to monitor fertilizer
application.
3. The test meter (McCrometer Ultra Mag) was installed 24.5 inches downstream of the fertilizer
injection port in a straight, unobstructed section of pipe with:
a. more than 9 diameters of straight, unobstructed pipe upstream of the meter
b. more than 3 diameters of straight, unobstructed pipe downstream of the meter
4. The end of the pipeline discharged to a sprinkler system to irrigate the IPF.

Irrigation Training & Research Center
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WRF
RESERVOIR

CHEMICAL
TANK

CHEMICAL
METER

SOLENOID
VALVE
VFD PUMP

BOOSTER
PUMP

TEST
METER

VALVE

6” PIPELINE

24.5”
>58”
>9D u/s

TO FIELD

>21”
>3D d/s

Figure 7. Schematic of upstream fertilizer injection test setup – conceptual, not to scale

Flow Meter
Injection Port

Figure 8. Upstream fertilizer injection test meter (6-inch McCrometer Ultra Mag) and pH Tech fertilizer injection
system installed at the IPF

Procedure
For each testing condition, the testing process compared the fluctuations in the test meter
measurements to the average of all measurements over the testing time period. Each test condition
either varied the rate of fertilizer (UAN-32) application or tested other systematic variables that could
affect meter performance. For all tests, the booster pump was on and providing a steady flow rate at an
average of 350 GPM. The details of each test condition are outlined below.
Test 1:

Small dose, low frequency injection – The solenoid valve controlling the rate of fertilizer
injection was set to open for approximately 1 second every minute, providing fertilizer
at a flow rate of approximately 0.20 GPH.

Test 2:

Small dose, medium frequency injection – The solenoid valve controlling the rate of
fertilizer injection was set to open for approximately 7 seconds every minute, providing
fertilizer at a flow rate of approximately 1.25 GPH.
Irrigation Training & Research Center
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Test 3:

No fertilizer injection; pH Tech panel turned ON and OFF – The fertilizer injection system
was turned on and off without the chemical pump running to determine if the test
meter measurements fluctuated based solely on the injection systems variable
frequency drive (VFD) powering on an off (rather than on the chemicals being pumped
into the irrigation water). Improperly grounded flow meters are susceptible to electrical
interference. This test was performed to determine if electrical interference from the
fertilizers systems VFD was causing the measurement fluctuations.

Test 4:

Continuous fertilizer injection – The solenoid valve controlling the rate of fertilizer
injection was fully open and injecting fertilizer at a rate of approximately 46.4 GPH.

Test 5:

Continuous water injection – The valve connecting the fertilizer reservoir to the
injection system was closed (no fertilizer was being injected). The injection pump was
turned on, causing irrigation water to circulate through the injection system and back
into the pipeline upstream of the test meter.

Results
The results for of the upstream fertilizer injection testing for each testing condition are summarized
below. All percentages listed are relative to a baseline average flow rate of 350 GPM.
Test 1: Small dose, low frequency fertilizer injection.
Result: Small fluctuations (±4%).
Test 2: Small dose, medium frequency fertilizer injection.
Result: Small drop during injections (-4%).
Test 3: No fertilizer injection; pH Tech panel turned ON and OFF (electrical grounding test).
Result: Negligible fluctuations in both cases.
Test 4: Fertilizer injected continuously.
Result: Major fluctuations (±50%).
Test 5: Water injected continuously (no fertilizer injected).
Result: Negligible fluctuations (±1%).
The small magnetic meter used by the pH Tech injection pump to dose the fertilizer was observed
throughout testing and did not have any erratic behavior. The liquid passing through this meter was fully
mixed and had constant fluid properties.
After the initial testing, a meter more than 100 diameters downstream of the injection point was
observed during fertilizer injection and did not have any erratic behavior.
After the initial testing, the fertilizer injection port was moved downstream of the meter for comparison
(shown in Figure 9). When fertilizer was injected downstream of the magnetic flow meter at any rate,
the results were comparable to those of Test 5, with negligible fluctuations between measurements.

Irrigation Training & Research Center
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Original Injection Port

New Injection Port
Figure 9. Fertilizer injection port installed downstream of the test meter

The major conclusions drawn from the test results are:
• Measurement fluctuations were not an electrical issue caused by improper grounding.
• Significant measurement fluctuations only occurred while fertilizer was being injected upstream.
• When small amounts of fertilizer (0.2 to 1.25 GPH) were injected at low to medium frequency, the
magnetic meter fluctuation was negligible: ±4% errors for a few seconds during/after injection.
• It is suspected that magnetic meter accuracy is not compromised when the liquid passing through
the meter is homogeneous (fully mixed and constant fluid properties).

Irrigation Training & Research Center
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Attachment A
Calibration of the Krohne Waterflux 3070 Used as the Testing Standard Device

Summary and Results
The 10-inch Krohne Waterflux 3070 magnetic flow meter (used as the standard testing device) was
calibrated with the NIST 5-traceable ITRC gravimetric tank 6, located at the ITRC Water Resources Facility
(WRF). Measurements were recorded with both devices at six different flow rates, ranging from 1 to 6
CFS (approximately 2 to 10 fps through the Krohne meter). A best-fit linear regression was developed to
calibrate the Krohne readings to the gravimetric tank 7. The r-squared value of the calibration equation
was greater than 0.9999.

Layout
A schematic showing the configuration of the two devices used in the calibration is shown in Figure A-1.
KROHNE

VFD PUMP
>16’
>20D u/s

>8’
>10D d/s

GRAVIMETRIC
TANK

WRF RESERVOIR

Figure A-1. Schematic of test setup – conceptual, not to scale

Procedure
Measurements were collected with both devices (the Krohne and the gravimetric tank) at six different
flow rates, ranging from 1 to 6 CFS (approximately 2 to 10 fps through the Krohne meter). A linear
regression analysis of the two datasets was performed to determine an equation that could be used to
calibrate the Krohne readings to the gravimetric tank.

5

NIST = National Institute of Standards and Technology; the US’s national metrology institute (NMI).
The ITRC gravimetric tank has a NIST-traceable expanded uncertainty of 0.1% with a 95% confidence interval. For further
information, refer to ITRC Paper No. P 2020-001: Feist, K. and Z. Markow. 2020. Overview and Uncertainty Analysis for an
Irrigation Flow Measurement Facility. ITRC Paper No. P 20-001. http://www.itrc.org/papers/fmfacility.htm
7 The regression analysis performed in this document follows the procedure performed in: Howes, D.J. and C.M. Burt. 2016.
Accuracy of Round Meter Gates for On-Farm Deliveries. J. Irrig. Drain. Eng., 142(1). Retrieved from
https://digitalcommons.calpoly.edu/bae_fac/107
6
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The following procedure was performed twice for each flow rate tested:
1. Gravimetric tank filling began. Krohne meter data recording began. The Krohne measurement data
shown on the remote-mounted display was manually recorded on a 15 second interval over the
duration of the test.
2. Gravimetric tank filling ended; flow rate calculated by programmable logic controller. Krohne meter
data recording ended; average flow rate calculated as the average of all manually recorded
measurements over the duration of the test.
The time required to fill the gravimetric tank varied between the flow rates tested, which varied the
duration of each test and the number of Krohne measurements recorded. A minimum of five
measurements were recorded from the Krohne meter for each test.

Results
Results from the linear regression are shown in Figure A-2 and Table A-1. The resulting equation that can
be used to approximate the gravimetric tank measurements from the raw Krohne output is shown
below. The r-squared value of the calibration equation is greater than 0.9999.
Adjusted Krohne Flow Rate (CFS) = 0.9987 x (raw Krohne measurement in CFS) - 0.0054

Figure A-2. Chart showing Krohne and gravimetric tank data with regression equation and trendline
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Table A-1. Krohne Waterflux 3070 linear regression error results
Calibrated Gravimetric Tank
(Standard)
Flow Rate
(CFS)
5.51
5.53
2.81
2.81
1.10
1.10
5.77
5.79
2.83
2.83
1.10
1.10
Average Error (%)
Average Absolute Error (%)
RMSE (CFS)
CVRMSE (%)

Raw Krohne
Flow Rate
(CFS)
5.53
5.53
2.81
2.83
1.10
1.10
5.79
5.78
2.84
2.84
1.11
1.10

(CFS)
+0.03
+0.01
-0.00
+0.02
+0.00
+0.00
+0.02
-0.01
+0.02
+0.01
+0.01
+0.01
+0.4
0.4
0.01
0.4

Error

Calibrated Krohne
(%)
+0.5%
+0.1%
-0.0%
+0.6%
+0.4%
+0.2%
+0.4%
-0.1%
+0.5%
+0.4%
+0.9%
+0.5%

Flow Rate
(CFS)
5.52
5.52
2.80
2.82
1.09
1.09
5.78
5.77
2.83
2.83
1.10
1.10

(CFS)
+0.01
-0.01
-0.01
+0.01
-0.00
-0.01
+0.01
-0.02
+0.01
+0.00
+0.00
-0.00
-0.0
0.2
0.01
0.3

Error

(%)
+0.3%
-0.1%
-0.3%
+0.3%
-0.2%
-0.5%
+0.2%
-0.4%
+0.2%
+0.1%
+0.2%
-0.1%

Pre-calibration (raw Krohne measurements), the average percent error of the Krohne was +0.4% and the
average absolute error was 0.4% with a root mean squared error (RMSE) of 0.01 CFS and a coefficient of
variation of the RMSE (CVRMSE) of 0.4%. Post-calibration (after applying the calibration equation to the
raw Krohne measurements), the average error was -0.0%, average absolute error was 0.2%, with a RMSE
of 0.01 CFS and a CVRMSE of 0.3%.
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Attachment B
Flow Measurement Device Calibration Reports
Flow measurement device calibration reports are provided for the tests described in this document.
Page
B-2
B-3
B-4
B-5
B-6
B-7
B-8
B-9
B-10

Device
Seametrics AG2000 meter 0007
Seametrics AG2000 meter 0022
Seametrics AG2000 meter 0862
Seametrics AG2000 meter 0864
Seametrics AG2000 meter 1097
Seametrics AG2000 meter 1704
Seametrics AG2000 meter 4210
Seametrics AG2000 meter 4668
Seametrics AG2000 meter 9230
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